Abstract-To our knowledge, this paper investigates the first application of the marine data sampled by multiple underwater gliders in the area of the South China Sea. We summarize six main characteristics of the sampled marine data. Due to the characteristic of big data volume, how to display these data is an important and difficult problem. In order to solve this problem, we process the marine data through two steps, i.e., data preprocessing and data fitting. Data preprocessing includes GPS data transformation and the preprocessing of the null and wrong values. Furthermore, we propose a new data fitting algorithm based on time extraction and space compression (DFTS) to solve the problem of big data display. Experiment results based on the real marine data show the feasibility and rationality of the proposed method.
with the shore based control center. The glider loads all kinds of sensors which make it be able to collect data. In this paper, we only consider the marine data sampled by CTD sensors of multiple underwater gliders in the area of the South China Sea.
There are six packets of data and each packet contains two types of files including XLSX files and CSV files. The former records the ocean environmental parameters sampled by CTD data which consists of the monitoring time interval, depth, temperature and conductivity. The latter records the experimental task information of the gliders including experiment date, task name, longitude, latitude, heading and so on. We will discuss the characteristics of the data in these files in the next section. Due to the complexity of monitoring data [6] with multiple sources and multiple parameters, displaying the marine information effectively and visually is great important. It can help the researchers and the policymakers to analyze the data and find out the rules hidden in these data.
This paper carried out two steps to solve the big data display problem, that is data preprocessing and data fitting. Section II analyzes the characteristics of sampled marine data. Data preprocessing and the data fitting algorithm are described in section III and section IV, respectively. Section V gives the conclusion.
II. CHARACTERISTICS OF MARINE DATA
We summarize six main characteristics of the sampled data:
A. Multiple Sources
The marine data is collected by several gliders in different area at distinctive time, thus making the monitoring results more comprehensive than that collected by buoy and shore station. With the increasing of the total number of the gliders, the display of all these sampled data is more difficult.
B. Multiple Parameters
As is mentioned above, two types of files are contained in a packet and each of them consists of multiple parameters. In detail, the CSV file represents the CTD data and contains four parameters as below:
Time interval: the period of time between two records, usually for six seconds. Temperature: the temperature recorded by the gliders. Depth: the depth of the gliders where each record is collected.
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Zhenzhen Xu, Mingfei Jia, Lu Li, Shuo Yu, Jiancheng Yu * , and Shijie Liu W Conductivity: the data recorded by the CTD sensor [7] which is decided by the salinity and temperature of the marine environment. Date of task the date of conduction task. The XLSX file denotes the experimental task information. The parameters and their explanations are defined as follows:
Task date: the date of conducting task. In-Longitude: the longitude of the location where the gliders enters the water. Out-Longitude: the longitude of the location where the glider drives out of the water. In-Latitude: the latitude of the location where the glider enters the water. Out-Latitude: the latitude of the location where the glider drives out of the water. Task name: the task name is the same with the name of the file that records the corresponding CTD data. In-time: the time when the glider enters the water. Out-time: the time when the glider drives out of the water. Task type: there are two types of tasks including "Heading-drived path" and "Target point-drived path". Pitch angle: the pitch angle of gliders. Depth: the intended maximum depth of each task. Heading: the driving direction of the glider. Target longitude: the target longitude of each task. Target latitude: the target latitude of each task. Operator: the name of the operator who is responsible for conducting the task. Leakage voltage: the data of the security sensor inside the glider. When the water leaks into the glider, leakage voltage will be detected as abnormal, then the glider will abandon its task and float to the surface of the sea and wait for salvage. Maximum depth: the realistic maximum depth of each task. Periodicity range: the spherical distance between the positions where the glider enters and drives out of water.
C. Time Inconsistency
The experiments in the sea are conducted during a long period of time, from June, 2014 to June, 2015. We can see from TABLE I that each data package belongs to distinct experimental period. In a certain package, the experimental time of tasks differs from each other. Although the last three packages seems overlap in time, indeed, they are conducted by three different gliders in different positions, respectively.
There are no such two tasks conducted in the same area simultaneously.
D. Position Inconsistency
Nearly all tasks are conducted in the South China Sea, except for the tasks conducted on November, 2014. The longitude range and the latitude range of data recorded in each package are shown in TABLE II. However, the route of each task is different from others. We draw the routes of gliders by MATLAB which are shown in Fig.1 Then, we draw the routes of the gliders on Google earth as Fig.2 shows, the yellow lines in the figure are the routes of gliders. The line on the very right side of the figure is out of the range of the South China Sea, which will not be studied in the following procedures. The routes in Fig.1 and Fig.2 seem to be overlapped, it is because the routes are consists of hundreds of points. Although some points from different routes are overlapped in longitude and latitude, they are not overlapped in depth at the same time. Thus, the real positions of each glider in these routes are quite different. 
E. Big Data Volume
As is mentioned in the preceding part, six packages of data is collected in total. Each package consists of hundreds of CTD data files and each CTD data file corresponds to a single experimental task. There are amount to 884 files including CTD data files and task information files. TABLE III shows the detailed file number in each package.
F. Data Loss and Inconsistency
The Autonomous Underwater Gliders work automatically, so it is inevitable that faults on the sensor may result in data loss and inconsistency. For example, the task conducted on April 29, 2015 by glider SIA-G1000J003 ridiculously records the maximum depth as deep as 24021 meters.
Due to the characteristics of marine data introduced above, reasonable data preprocessing method and data fitting algorithm are of vital importance.
III. DATA PREPROCESSING
Marine data collected by the Autonomous Underwater Gliders tend to include null values and wrong values, and the format inconsistency is also needed to be preprocessed. In detail, data preprocessing of the marine data is required due to the following reasons.
a) The data format of certain items (i.e., GPS data) needs to be transformed to uniform format. b) There are some null values in certain items of the marine data, and it is necessary to fill in the data. c) Marine data more or less contains noise data due to the failure of sensors of the underwater glider. It must be cleaned before data mining.
d) The monitoring data from different task periods may be inconsistent. Moreover, the different sensor configurations of the underwater gliders can also cause inconsistent. e) Marine data is basically the same in the structure, but there are some problems in data integrity and consistency.
There are two main steps to realize the data preprocessing including GPS data transformation and the preprocessing of null and wrong values.
A. GPS Data Transformation
GPS data including longitude and latitude is recorded by GPS device. The GPS data format is not easy to be used in the following data fitting algorithm. Thus, we should convert the format of GPS data, which is reported by the gliders, to the format with the unit of degree.
Longitude and latitude data collected from the GPS in the gliders is in the format DDDMM.MMM and DDMM.MMM, respectively. However, the format that can be processed conveniently on computer is DDD.DDDD° or DD.DDDD°. So we should convert the former format to the latter, and the transformation method is as follows.
For example, the latitude in the GPS data format is 3147.8749. To convert it into the format DD.DDDD°, the first two Ds ahead of the decimal point is 31, and the rest four Ds after the decimal point equals to 47.8749/60, which is 0.7979, keep four decimal places. So after transformed to the degree format of DD.DDDD°, the result is 31.7979°.
From the example above, we conclude an equation that can be used to transform the position data in GPS data format to degree format.
In equation (1), A refers to the position data in GPS data format, the function rest(x, y) calculate the decimal remainder of x divided by y, and L represents the degree format of the position data. (1) 
B. Null and Wrong Values Preprocessing
Besides the problem of data format introduced above, the faults on data including null values and wrong values also need to be corrected. So we propose the methods of null and wrong values preprocessing, which are described in the following: a) Time interval between two records is six seconds, null values of time interval should be interpolated according to its nearest values, that is, replace the null value directly with the value of its next value minus six or its previous value adding six. As for wrong values, first delete the value, then, process it with the same way as the null value.
b) The common range of temperature is between 0 Celsius degree and 50 Celsius degree. Thus, values beyond this range should be regarded as wrong values. To process on the null values and wrong values of temperature data, first we should delete the wrong values and calculate the right ones with the average value of the previous and next data items. Then, null values and deleted wrong values can be replaced with the right ones. c) As for the conductivity, the common range of conductivity is between 2S/m and 8S/m, the method of temperature preprocessing is also applicable to the null and wrong values of the conductivity data.
d) The range of depth is limited with 1500 meters, values exceed this value should be concerned as wrong values. Null and wrong values of depth data should be replaced by the average value of its previous and next values.
e) The range of longitude and latitude should be within the range of the South China Sea. That is, in GPS data format, the range of longitude should be between 105°E and 118°E, and the range of latitude should be between 4°N and 21°N. Wrong and null values should be replaced by the average value of its previous and next values which is the same way as processing depth data. Particularly, if the whole experiment is conducted outside the South China Sea, as is mentioned in the preceding part, the data of that experiment will not be used in the following procedures.
The method of data preprocessing introduced above is also called de-noising. After de-noising, the data we have acquired is valid and can be studied and processed in various ways according to corresponding application requirements. In order to solve the big data display problem, we need to carry out data fitting to further process these data.
IV. DATA FITTING ALGORITHM

A. Data Fitting Algorithm DFTS
In order to display the big marine data, we propose a new data fitting algorithm based on time extraction and space compression (DFTS).
As is introduced, each recording data is abstracted to a point, so the marine data collected by the Autonomous Underwater Gliders is in discrete distribution. To study their mathematical, physical and practical pattern, we need to conduct data fitting to the marine data collected. In this paper, we mainly study the data fitting of temperature data and conductivity data. Because these two attributes of sea water are the natural attributes that are of great value of study. To realize data fitting, firstly several regulations are proposed. a) Take month as the particle size of time of data fitting, that is, we conduct data fitting on the data collected on each month separately. b) Integrate and process the data in the same year and the same month. For example, data collected on April 2015 from different packets will be fitted along as a group of data. c) According to the standard observation level [8] , seawater is divided into eighteen layers from 0 to 1000 meters. The layers distributes in 0m, 10m, 20m, 30m, 50m, 75m, 100m, 125m, 150m, 200m, 250m, 300m, 400m, 500m, 600m, 700m, 800m and 1000m, and "m" represents "meters".
d) Filter the data in each layer and then fit it. For example, after making the regulations for data fitting as above, the experimental data recorded in April 2015 begins in the following steps:
Firstly, we extract the data of longitude, latitude and file name from the data files recorded on April 2015, and input these data in a new data file.
Secondly, calculate the average value of In-Longitude and Out-Longitude, and the average value of In-Latitude and Out-Latitude and input the new values to the new data file. TABLE VI shows the new data file after processing. "AVG-LNG" and "AVG-LAT" in the column names of respectively. Thirdly, extract the CTD data files recorded on April 2015 from the packages.
After that, delete the date of each sample point in the CTD data files and replace it with the AVG-LNG and AVG-LAT, as is shown in TABLE VII. "COND" and "TEMP" are short for Conductivity and Temperature, respectively.
Then, integrate all the data into a single file, and according to the depth, divide the data into eighteen layers as the preceding introduction. Since the depths of layers are all multiples of five, ten and one hundred, we define a range of [depth -1, depth + 1] for each layer except the layer 0m. For instance, we define the range from 9m to 11m to the 10m layer. Especially, we define the depth range from 0m to 1.5m to the 0m layer.
Finally, we conducted the experiments of data fitting with the polynomial linear model .  TABLE VIII and TABLE IX show the part of the data in the layer 0m and layer 10m, respectively.
Temperature and conductivity are two main attributes which is sampled by CTD sensors of the underwater gliders. We will introduce the experimental results of temperature data fitting and conductivity data fitting based on DFTS.
B. Data Fitting of Conductivity Based on DFTS
Conductivity of the sea water is defined as the electric conductivity of each sea water column with the CSA (Cross Sectional Area) of 1 square centimeter [9] . In the sea water, conductivity is determined by the temperature, pressure and salinity [10] . Conductivity is of great value of study, and that's why it is chosen as a major parameter to do data fitting.
The method of data fitting has been introduced in the previous section, so in this part we intend to show the results of data fitting experiment on conductivity in different layers of depth. Again we take the data recorded in April 2015 as an example. Fig.3 shows the result of data fitting of conductivity in the layer 0m. We conduct surface fitting to each layer of depth and the linear model is chosen for its comparatively accurate fitting result. In the figure, points in dark color are the data of conductivity in the layer range, and the colorful surface is the fitting surface. More examples are displayed in Fig.4 for the layer 500m and Fig.5 for the layer 1000m.
C. Data Fitting of Temperature Based on DFTS
Temperature of sea water varied corresponding to the change of depth and time. Similar to conductivity, temperature is also of vital importance when studying the attributes of sea water [11] . The method of data fitting of temperature resembles that of conductivity. So in this part, we display two more examples of the experimental results with temperature data. Similarly, the data recorded on April 2015 is used as an example. Fig.6 and Fig.7 show the result of data fitting of temperature data in the layer 150m and 700m, respectively. Similarly, dark points in the figures represent the data in the layer range, and the colorful surface represent the fitting surface.
D. Result Analysis
After fitting the data into surfaces, the marine data can be displayed visually and effectively based on these surfaces. Since the depth of the marine data is determined as 1000m and is divided into eighteen layers. That is, all the results for each layer can be combined together to display the big marine data sampled by multiple underwater gliders.
From the results shown above, we can see that the proposed data fitting algorithm is feasible and reasonable. The fitting effect varies according to the layer depth. We use the average distance between the darks points and the fitting surface as the evaluation index of fitting effect. That is, the nearer the average distance is, the better the effect is.
In the figures showing the results of conductivity data fitting, the fitting effect shows an inverse relationship with the depth, that is, as the depth increases from 0m to 500m and finally goes up to 1000m, the effect of fitting tends to get worse. From the Fig.3, Fig.4 and Fig.5 , it is apparent that the dark points are moving further and further from the fitting surface. The reason would be the conductivity data recorded in the South China Sea is in comparatively average in value in shallow water. However, the trend is different in the results of data fitting of temperature. As is shown in Fig.6 and Fig.7 , the dark points in depth 700 are nearer to the fitting surface than that in the depth 150. We cannot list all the fitting results of 18 layers owing to the space limitation. The experimental results show there isn't clear regularity between the fitting effect of temperature and the layer depth, but the fitting effect of temperature is better than that of conductivity in most cases.
V. CONCLUSION
Marine data sampled by multiple underwater gliders is more comprehensive compared with that collected by buoy and shore stations. However, it is quite difficult to display the big marine data sampled by multiple underwater gliders. This paper carried out two steps including data preprocessing and data fitting to solve this problem. GPS data transformation in the data preprocessing can transform the GPS data format to Degree format. The preprocessing of null and wrong data can make the sampled data clean and consistent. The most contribution of this paper is proposing a new data fitting algorithm based on time extraction and space compression (DFTS) according to the large amount of big marine data. Experiment results about the conductivity data and temperature data fitting based on the real marine data show the feasibility and rationality of the proposed algorithm.
